: Genetic diversity of wheat grain quality and determination the best clustering technique and data type for diversity assessment -Genetika, Vol 46, No. 3,[763][764][765][766][767][768][769][770][771][772][773][774] Wheat is an important staple in human nutrition and improvement of its grain quality characters will have high impact on population's health. The objectives of this study were assessing variation of some grain quality characteristics in the Iranian wheat genotypes and identify the best type of data and clustering method for grouping genotypes. In this study 30 spring wheat genotypes were cultivated through randomized complete block design with three replications in 2009 and 2010 years. High significant difference among genotypes for all traits except for Sulfate, K, Br and Cl content, also deference among two years mean for all traits were no significant. Meanwhile there were significant interaction between year and genotype for all traits except Sulfate and F content. Mean values for crude protein, Zn, Fe and Ca in Mahdavi, Falat, Star, Sistan genotypes were the highest. The Ca and Br content showed the highest and the lowest broadcast heritability respectively. In this study indicated that the Root Mean Square Standard Deviation is efficient than R Squared and R Squared efficient than Semi Partial R Squared criteria for determining the best clustering technique. Also Ward method and canonical scores identified as the best clustering method and data type for grouping genotypes, respectively. Genotypes were grouped into six completely separate clusters and Roshan, Niknejad and Star genotypes from the fourth, fifth and sixth clusters had high grain quality characters in overall.
INTRODUCTION
Wheat is one of the most ancient crops. Its domestication marks the transition from hunting-gathering to agrarian economy in western Asia, which marks the dawn of the evolution of western civilization (DVORAK et al., 2012) . Today, the importance of wheat is mainly due to the fact that its grain can be ground into flour and semolina, which form the basic components of bread products, such as pastas, and hence it presents the fundamental source of nutrients to the superlative of the world population (SRAMKOVA et al., 2009) . Deficiencies of micronutrients such as iron, zinc, and vitamin A ("hidden hunger") afflict over three billion people (SRAMKOVA et al., 2009) . Zinc shortcoming is reason for many severe health backwash, comprising impairments of bodily growth, immune system and learning potency, combined with increased venture of infections, DNA damage and cancer development (PRASAD, 2007) . The results of malnutrition make immense economic and societal expenses to nations. Micronutrient malnutrition vastly increases morbidity and mortality rates, diminishes cognitive potencies of children and lowers their educational attainment, reduces labor productivity, stagnate national development efforts, contributes to continued high population growth rates and reduces the livelihood and quality of life for all those affected (WELCH and GRAHAM, 1999) .
In the resent study revealed that new wild emmer wheat accessions have been identified showing simultaneously very high concentrations of Zn (up to 139 mg/kg), Fe (up to 88 mg/kg) and protein (up to 380 g/kg) in grains and high tolerance to drought stress and Zn deficiency in soil (PELEG et al., 2008) . This result shows that it should be possible to improve Fe and Zn levels in wheat grain through plant breeding. Supplementary study has also shown that there is no negative linkage between grain yield and Fe and Zn density in the grain (WELCH and GRAHAM, 2002) . A survey of genetic diversity with the help of suitable statistical methods is absolutely necessary to start an efficient breeding program (KHODADADI et al., 2014) .
The Root Mean Square Standard Deviation (RMSSTD) measures the homogeneity of the cluster formed at any given step. It truly measures the compactness or homogeneity of a cluster. The smaller the RMSSTD, the more homogeneous or compact is the cluster formed at a given step. A large value of RMSSTD suggests that the cluster obtained at a given step is not homogeneous, and is probably formed by merging of two very heterogeneous and more compact clusters (SHARMA, 1996) . The Semi Partial R Squared (SPR) measures the loss of homogeneity due to merging two groups to form a new group at a given step. If the value is little, then it suggests that the cluster solution obtained at a given step is wrought by merging two very homogeneous clusters. On the other hand, large values of SPR suggest that two heterogeneous clusters have been merged to form the new cluster. R Square (RS) measures the heterogeneity of the cluster solution formed at a given step. A large value represents that the clusters obtained at a given step are quite different (i.e., heterogeneous) from each other, whereas a little value would implicate that the clusters formed at a given step are not very different from each other. To find the optimal number of clusters and the quality of the clustering, the RS and the SPR measured after clustering method. While RS should be maximal, the SPR should be minimal (RUJASIRI and CHOMTEE, 2009 ). The objectives of this study were assessing variation of some grain quality characteristics in the Iranian wheat genotypes and identify the best type of data and clustering method for grouping genotypes.
MATERIALS AND METHODS

Plant materials and experimental design
Thirty spring wheat genotypes supplied by the Agricultural Research Institutes Gene Bank in Karaj and used for this research in the research field of faculty of agricultural sciences, Tarbiat Modares University, Tehran, Iran in 2009 and 2010 years. The weather condition of Tehran province was presented in Table 1 . The plot size was 1.5 m length with three rows, row spacing was 20 cm and seeding rate was 250 seeds per m 2 based on a randomized complete block design with three replications. Nitrogen and phosphorus fertilizer, were consumed at 40 and 60 Kg ha -1 , respectively before planting and nitrogen fertilizer was also broadcast at the stages of tillering and stem elongation at 40 kg ha -1 . 
Studied traits and them measurement
The measured traits include grain F, Acetate, Cl, Br, Phosphate, Sulfate, Succinate, NH 4 , K, Mg, Ca, N, grain iron concentration, grain zinc and crude protein concentration all based on µg g -1
Scale. Grain iron and zinc were measured using atomic absorption method (GUPTA, 2000) after digestion based on nitric (0.1 normal)/citric (10%) acid (MORGOUNOV et al., 2007) and extraction by ion-chromatography method (SMALL et al., 1975) . Also, homogeneity of experimental field has confirmed and then trial was conducted. Grain F, Acetate, Cl, Br, Phosphate, Sulfate, Succinate, NH 4 , K, Mg and Ca contents were measured based on ZHAO et al. (2006) suggested method. For estimate grain crude protein content firstly grain N content was measured from NH 4 content (AHMEDANI et al., 2009 ) by multiplying NH 4 content by N proportion in NH 4 (0.7765) and then N content multiplied by factor of 5.7 for wheat (SAMEEN et al., 2002) .
Statistical analysis
Statistical analysis including Normality test using Shapiro-Wilk method, estimation of variance components through restricted maximum likelihood (REML), means comparison by LSD test and cluster analysis were performed using the statistical software SPSS version 16.0 (SPSS, Chicago, USA) program. In addition, Principal component (PC), discriminate and canonical scores, RS, RMSSTD and SPR were calculated using statistical software SAS version 9.1. Excel version 2007 was used for calculating some descriptive statistics and drawing graph. For determine the best type of data for grouping genotypes, five types of the data were used. Principal component analysis (PCA) based on covariance matrix and correlation matrix was done and for each types of PCA the first five component scores which had eigenvalues more than one selected and used for assessment of clustering methods performance and found appropriate type of data for cluster analysis. Also discriminant and canonical scores were calculated and respectively four and three component scores which had eigenvalues more than one and used for the above mentioned purposes. Three measures including RMSSTD, RS and SPR computed according to LIU et al. (2006) and used for detecting the best clustering technique. Broadcast heritability ( 2 b H ) was estimated based on formula suggested by HOLLAND et al. (2003) and using SAS 9.1.
RESULTS
Analysis of variance results showed high significant difference among varieties for all traits except for Sulfate, K, Br and Cl content, also deference among two years mean for all traits were no significant. Meanwhile there were significant interaction between year and genotype for all traits except Sulfate and F content (Tab. 2). In this study, six clustering techniques efficiency were compared based on three above mentioned criteria. The results showed that Ward method yielded the lowest RMSSTD and highest RS, whereas SPR value for all methods were close and the lowest for Single Linkage and Ward methods (Tab. 5). In addition increasing in the number of clusters tended to increase the efficiency of all clustering techniques until reaching to sixth cluster whereas from the sixth to the seventh cluster efficiency of the clustering techniques were constant in the most cases and in a few cases decreased (Fig. 1) . Therefore the sixth cluster was diagnosed as Dendrogram cut off point and these criteria can be used as appropriate method to find out optimum number of clusters. Also, in this study for identification the best type of data for cluster analysis, five types of data were compared based on RMSSTD, RS and SPR criteria. Standardized mean values of these criteria were computed for each type of data (Tab. 6). Because of the least value of RMSSTD and highest value of RS for canonical scores, this type of data indicated as the best data type for cluster analysis.
Tab. 2. REML estimation of variance components for studied traits in 30 spring wheat genotypes
Tab. 5. Mean value of the SPR, RS and RMSSTD for clustering techniques
According to the above mentioned conclusion, canonical scores were obtained from original data, and cluster analysis done based on ward method. By incision dendrogram at 6 units distance the genotypes categorized into six completely separate clusters (Fig. 2) suggesting considerable amount of genetic diversity among material. To determine the cutoff point, in addition to above mentioned results, discriminant analysis was used (KHODADADI et al., 2011) . Mean and standard deviations of traits for groups were presented in Table 7 . 
Tab. 6. The standardized mean value of SPR, RS and RMSSTD for five types of data
Note: a lower RMSSTD and SPR and higher RS value means that the data type is better.
The first group contains 13.3% of genotypes (Fig. 2) . The average values for all traits except for acetate, Mg and Ca were less than the total means (Tab. 7). The second group contains 50% of genotypes (Fig. 2) . Grain quality state of this group in all case except for Mg, Fe, Ca, Succinate, Cl and F were better than the first group. In overall this group has no any special feature and was in the range of the other group values (Tab. 7). The third group contains 26.6% of genotypes (Fig. 2) (WELCH and GRAHAM, 2002; MORGOUNOV et al., 2007) . In addition, CAKMAK et al. (2004) showed that cause of increasing in grain iron and zinc concentration is for presence of 6A, 5B and 6B chromosomes. Whereas previous studies on tetraploid wheat (Triticum dicocoids) showed that Fe and Zn respectively ranged 15-109 and 35-100 (µg g -1 ) (CAKMAK et al., 2004), 20-75 and 40-112 (µg g -1 ) and grain protein content, Ca, Mg and K respectively ranged 18-30 (%), 250-650, 1500-2200 and 4100-6500 (µg g -1 ) (CHATZAV et al., 2009) . By comparison results of CHATZAV et al., (2009) and present study, it can be concluded that nutrients uptake vigor in tetraploid wheat (wild wheat) is higher than hexaploid wheat (domesticated wheat). This conclusion has been approved by CHATZAV et al. (2009) . Also have been said that the wheat genome contains three NAM genes, but modern wheat varieties carry a non-functional NAM-B1 allele, which inducement delayed leaf senescence and lower levels of grain protein, Fe and Zn in modern wheat varieties compared with wild emmer wheat (ZHAO et al., 2009 ). Therefore we can use wild wheat accessions to improving bread wheat quality with retain high grain yield by appropriate breeding methods such as chromosome substitution, chromosome segment substitution and etc. Because of significant interaction between year and genotype, progeny test in multiple environments was suggested to raise protein, Zn, Fe and Ca content through breeding programs.
Scientists usually have tried to use the best and accurate statistical methods to assessing genetic diversity. For example, in some previous studies tried to define better clustering method (MOHAMMADI and PRASANNA, 2003) and use intermediat analysis and applied clustering techniqe based on changed data (KHODADADI et al., 2011) . RUJASIRI and CHOMTEE (2009) used RS and RMSSTD criteria for comparing five clustering techniques including Hierarchical, K-means, Kohonen's Self-Organizing Maps, K-medoids and K-medoids method integrated with dynamic time warping for simulated and real datasets with a multivariate normal distribution.
By look at measures variance presented in table 4 clearly can indicate that RMSSTD is more efficient than RS and RS efficient than SPR in determining the best clustering technique. Because the highest variance for RMSSTD means that this measure had a good ability to separate clustering methods from together. Mean value of the first group for the important ingredients of human diets such as crude protein, Zn, Fe, Phosphate and sulfate were low. Therefore members of this group don't suitable for breeding programs. While in case of Mg it is proper. Also phosphate and Br content was the least amount in this group.
In some studies showed that insufficient supply of Ca and phosphate is normally associated with impaired skeletal development (YANNAKOULIA et al., 2004) and approximately 99% of skeleton built from Ca (PARSONS, 2005) . Also Phosphorus is an important constituent of grain of cereal crops and is the most necessary for seed development (SENG et al., 1994) . Therefore the fourth group genotype is suitable for Ca and Phosphate but it had minimum value of Fe. Also it must be noted that the majority of P (w80%) in wheat grain is in the form of phytate stored mainly in the aleurone cells (O'DELL et al., 1972) and Phytate reduces the bioavailability of Zinc and Iron to monogastric animals and humans (FAIRWEATHER, 2004) .
Three genotypes from The fourth, fifth and sixth groups yielded the highest and lowest values of the grain mineral and other contents, by cross and back cross mating between Roshan, Niknejad and Star genotypes and subsequently selection among generations we can reach to variety with high protein, Zn, Fe, Ca and some other contents mentioned in introduction section that are essential for human's nutrition. At the end it can be said that both directly by enhancing micronutrient availability and indirectly through improved agronomic performance and crop yields (WELCH and GRAHAM, 1999; GOMEZ-GALERA et al., 2010) we can rich to appropriate modern varieties and in this way it is vital to explore the genetic resources of the wild relatives of crop plants as they harbor a vast allelic richness of desirable genes. Izvod Predmet istraživanja su bili ocena variranja nekih karakteristika kvaliteta zrna genotipova pšenice u Iranu i identifikacija najboljeg tipa podataka i metoda grupisanja genotipova. Ispitivanja su vršena gajenjem 30 ozimih genotipova pšenice u slučajnom blok sistemu sa tri ponavljanja u toku 2009 i 2010. godine. Vršena su merenja sadržaja gvožđa, acetate, hlora, broma, sulfata, sukcinata, amonijaka, kalijuma, magnezijuma, kalcijuma, azota, koncentracija gvožđa, cinka i sirovih protein u zrnu. Na osnovu dobijenih rezultata genotipovi su se grupisali u šest potpuno različitih dendograma. Najbolji kvalitet zrna je utvrđen za genotipove Roshan, Niknejad i Star iz četvrte, pete i šeste grupe klastera.
